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Regulation of the activity of catalysts allows 
chemical and biological systems to be affected in a 
selective manner. We are now engaged in elaborating 
the means of regulating the activity of biocatalysts by 
the action of the external field [l-3] . For instance, 
light initiation of the catalytic activity of the enzyme 
(‘generation’ of the active centre under the action of 
light) makes it possible to obtain extremely high 
quantum yields of the products of the conjugated 
catalytic reaction [3]. The present paper reports the 
data on the light and ultrasonic regulation of the 
catalytic activity of cY-chymotrypsin involving a sensi- 
tive competitive inhibitor. Proflavin, an acridine dye, 
is one of the most effective competitive inhibitors of 
cr-chymotrypsin [4-61. Below it will be demon- 
strated how the structure of the dye can be changed, 
both in the photochemical and the sonochemical 
reaction, thereby regulating its inhibiting ability in 
relation to the active centre of the enzyme. 
Proflavin as a light-sensitive competitive inhibitor 
The thiazine and acridine dyes are photoreduced 
into colourless leucoforms in the presence of weak 
reducers [7]. We suggest hat this phenomenon be 
used for light regulation of the inhibiting properties 
of proflavin (Ki = 2 X lo-’ M, see [4-61). 3,6-Dia- 
minoacridane is the product of the photochemical 
reduction of proflavin [8] ; this substance, unlike 
proflavin is not flat (carbon atom Cg becomes tetra- 
hedrical): 
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We have found that the product of the photoreduc- 
tion of proflavin does not possess (when the concen- 
tration of the latter is as much as 2 X 10T4 M) the 
properties of the competitive inhibitor of the a-chy- 
motrypsin catalysed reactions. This means that the 
inhibiting ability of proflavin is at least ten times 
greater than that of its photoreduction product. 
In fig. 1 it is shown how the catalytic activity of 
cu-chymotrypsin changes during the photoreduction 
and backward oxidation of proflavin. Curve a shows a 
decrease in the concentration of proflavin, when the 
solution of the dye and ascorbic acid was illuminated 
with visible light. It can be seen that, as a result of the 
illumination, the concentration of proflavin decreases 
and achieves a stationary value (in the steady-state 
the rate of photoreduction is equal to that of the 
backward oxidation to proflavin). As the concentra- 
tion of proflavin decreases, that of the free enzyme in 
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Fig. 1. Photoregulation of o-chymotrypsin activity by means 
of proflavin, a light-sensitive competitive inhibitor. Photo- 
reduction of proflavin: (a) A decrease in absorbance of the 
proflavin solution, on irradiation by visible light in anaerobic 
conditions, and (b) the corresponding increase in the enzyme 
activity. Backward oxidation; (c) an increase in absorbance of 
the proflavin solution, on oxidation with oxygen from air, 
and (d) the corresponding decrease in the enzyme activity. 
Conditions: pH 4.0; 0.5 M sodium acetate; concentration of
proflavin - 0.2 mM; concentration of ascorbic acid - 20 
mM. Photoreduction of proflavin was carried out in the 
absence of the enzyme. The relative catalytic activity was 
measured using p-nitrophenyl ester of heptanoic acid as a 
substrate, [S] o = 0.1 mM, see [ 121. 
the solution increases and the rate of the substrate 
hydrolysis goes up (fig. 1, curve b). The conversion of 
proflavin is reversible. 3,6-Diaminoacridane, formed 
in light, in the presence of oxygen from air backward 
oxidises in the dark into the proflavin. This is re- 
flected in curve c, fig. 1, which shows the increase in 
absorbance of the photoreduced solution of proflavin 
as air is passed through it. The absorption spectrum 
of the product obtained as the result of oxidation, is 
similar to that of the original proflavin. As the con- 
centration of proflavin increases, the rate of the en- 
zyme reaction decreases (curve d). Com@ete conver- 
sion of 3,6-diaminoacridane to proflavin entails a 
decrease in the enzyme activity to the initial level. 
Proflavin as a sound-sensitive competitive inhibitor 
We found that the irreversible decolourisation of 
the dye takes place, when the aqueous solution of 
proflavin is treated ultrasonically. Fig. 2 shows how 
the absorption spectra of proflavin change during the 
ultrasonic treatment of the dye solution. The conver- 
sion of proflavin in the ultrasonic field seems to be, in 
some ways similar to the well-known reaction of 
methylene blue [9]. We have found that the products 
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Fig. 2. The changes in the absorption spectra of the proflavin 
solution during sonication. Times of sonication (min): a = 0; 
b = 40; c = 80; d = 160; e = 180. Ultrasonic intensity 2 
w/cm’; frequency - 880 kHz. 
of the sonochemical reaction of proflavin do not 
inhibit the enzymic activity of cY-chymotrypsin. 
It is known that when the enzymes are treated 
with ultrasonics whose intensity is higher than the 
cavitation threshold, irreversible losses in their cataly- 
tic activity are observed [lO,l l] . We have chosen the 
experimental conditions so as to make the rate of the 
irreversible inactivation of the catalyst much lower 
than that of the sonochemical reaction of proflavin. 
This enabled us to observe the effect of the increasing 
rate of the chymotryptic hydrolysis of the substrate 
as a result of sonication of the enzyme-inhibitor sys- 
tem. Curve a in fig. 3 is a plot of the decreasing con- 
centration of proflavin versus the sonication time. As 
the concentration of the competitive inhibitor goes 
down (curve a) the enzyme activity of the solution 
increases (curve b). 
Summing up the above said, it may be concluded 
that with the aid of photochemical and sonochemical 
reactions involving the competitive inhibitors, it is 
possible to change the steady-state concentration of 
the free enzyme.in the solution, thereby implement- 
ing effective regulation of the enzyme process by 
light and ultrasonics. It is quite possible that the 
methods for regulating enzyme reactions we have 
suggested will find application in bioengineering, 
particularly in connection with the use of irnmo- 
bilized enzymes in biochemical technology, see 
[13,14]. 
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Fig. 3. Ultrasonic regulation of o-chymotrypsin activity by 
means of proflavin, a sound-sensitive competitive inhibitor. 
(a) A decrease in absorbance of the proflavin solution, de- 
pending on the time of ultrasonic irradiation of the dye solu- 
tion in the presence of o-chymotrypsin. (b) The correspond- 
ing increase in the enzyme activity on ultrasonic irradiation 
of the or-chymotrypsin solution in the presence of proflavin. 
The enzyme activity was registered by a pa-stat measuring 
the stationary rate of hydrolysis of N-acetyl-L-norvaline thyl 
ester, [S] e = 2.5 mM, [E] o = 3.9 M, pH 7.0,0.058 M KCl, 
15’C, see [ 121. 
References 
t21 
t31 
[41 
151 
161 
[71 
(81 
PI 
[lOI 
1111 
[=I 
iI31 
t141 
Martinek, K., Varfolomeyev, S.D. and Berezin, I.V. 
(1971) Eur. J. Biochem. 19,242-249. 
Varfolomeyev, SD., Klibanov, A.M., Martinek, K. and 
Berezin, LV. (1971) FEBS Letters 15, 118-120. 
Bernhard, S.A., Lee, B.F. and Tashjlan, Z.H. (1966) J. 
Mol. Biol. 18,405-420. 
Glazer, A.N. (1965) Proc. Natl. Acad. Sci. U.S. 54, 
171-176. 
Berezin, I.V., Levashov, A.V. and Martinek, K. (1967) 
Dokl. AN SSSR 177,221-224. 
Terenin, A.N. (1967) Photonics of the Molecules of 
Dyes (Russ.), Nauka, Leningrad. 
Milich, F. and Oster, G. (1959) J. Am. Chem. Sot. 81, 
1357-1363. 
Elpiner, I.E. (1952) Priroda 11, 109-114. 
Elpiner, I.E. (1963) Ultrasound. Physico-Chemical and 
Biological Action (Russ.), Fiz-Mat-G& Moskva. 
Klibanov, A.M., Martinek, K. and Berezin, I.V. (1974) 
Biokhimiya 39, in press. 
Martinek, K., Dorovska, V.N., Varfolomeyev, S.D. and 
Berezin, I.V. (1972) Biochim. Biophys. Acta 271, 
80-86. 
(1973) Abstracts of the FEBS Special Meeting on In- 
dustrial Aspects of Biochemistry, April 1973, Dublin 
(Ireland). 
(1973) Abstracts of the Enzyme Engineering Con- 
ference, August 1973, Henniker (USA). 
[l] Berezin, I.V., Varfolomeyev, S.D. and Martinek, K. 
(1970) Dokl. AN SSSR 193,932-935. 
331 
